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Cortisone and hydrocortisone have an adverse
effect upon some viral infections of man (1—6)
and upon a number of experimental viral in-
fections in laboratory animals (7—21). Treat-
ment of laboratory animals with these steroids
often results in more severe symptoms and at
times in a higher mortality rate and earlier
death. In some instances in both animals and
man an infection which is ordinarily mild or
almost undetectable is transformed into a serious
or fatal disorder (1—6, 12, 13, 15, 16, 21).
Recurrent herpes simplex infections of the
cornea of man are aggravated and sometimes
precipitated by the topical use of cortisone or
hydroeortisone (4—6). Topical treatment with
these steroids results in a more severe, a deeper
and a more prolonged infection which occasionally
leads to perforation of the cornea and panophthal-
mitis. Experimental herpetic infection of the rabbit
cornea is more severe in animals treated locally
or systemically with cortisone or hydroeortisone
(7—10). The herpetic keratoconjunctivitis of the
untreated animals begins to resolve in 7 to 10
days and gradually heals. The keratoconjunc-
tivitis of the cortisone or hydroeortisone-treated
rabbit fails to improve at the 7 to 10 day period.
Instead, the infection becomes gradually more
extensive and severe ophthalmitis develops.
HeLa cell tissue cultures infected with herpes
simplex virus were chosen as a model to study
the effect of hydrocortisone upon the course of
the herpetic infection and the amount of herpes
simplex virus produced. Under the conditions
of this study hydroeortisone had no influence
on the amount of virus produced. There was,
however, considerable effect of the hormone on
the microscopic appearance of the culture.
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MATERIALS AND METHODS
A. Cells—HeLa cells, which had been passed
serially in our laboratory, were used exclusively.
Cells were grown in 16 X 125 mm. screwcapped
tubes in stationary racks at 35°C (22).
B. Growth Medium—Two types of growth media
were employed: (1) Eagle's basal medium contain-
ing 40% human serum was used in Experiments
1—6 and (2) One-tenth per cent yeast extract
medium (23) containing 20% human serum was
used in Experiments 7 and S.
C. Maintenance Medium—A single maintenance
medium, designated HSMS, was employed. It con-
sisted of 10% horse serum, salts, vitamins, amino
acids, phenol red, penicillin and streptomyein (22).
D. Virus—Two strains (22) of herpes simplex
virus were employed: (1) HF which was obtained
from the American Type Culture Collection was
used in Experiments 1 and 2 and (2) ST which was
isolated from a recurrent herpes lesion of the thigh
of a 23 year old woman was used in Experiments 3
to S. Stock virus was prepared by serial passage in
HeLa cultures.
B. Titration of Virus—Virus titrations were
performed by a plaque count method which has
been described (22). The method consisted essen-
tially of the addition of aliquots of serial dilutions
of the virus suspension to groups of HeLa cultures.
The number of plaques produced at the end of 48
honrs at the lowest dilution where plaque counts
were possible was then used to calculate the virus
titer by the formula n equals Y/VX where n equals
the number of plaque forming units of virus per
ml., V equals the number of plaques counted, V
equals the volume of the suspension in ml. and X
equals the dilution at which the plaque counts
were done. In Experiments 1 through 7 no attempt
was made to separate virus associated with the
cells from virus in cell-free medium, i.e., titrations
were done on uncentrifuged cell-containing
medium which was frozen and thawed four times.
In Experiment 8 all samples to be titrated for
virus were first centrifuged at 3,000 r.p.m. for ten
minutes. The supernatant fluid and sedimented
portions of these samples were stored separately
and titrated separately for virus (cell-free medium
and cell-containing medium of Experiment 8).
F. Storage of Virus—Virus suspensions were
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stored in the CO2 box (—45°C) for short periods of
time (two days to two weeks) before titration of
virus content. Titrations of steroid-treated and
corresponding non-treated cultures were always
done simultaneously to minimize experimental
error.
G. Hydrocortisone—Three hydrocortisone prep-
arations were used: (1) Upjohn Cortef Hemisuc-
cinate Sodium, Lot No. GP-518 was used in Ex-
periments 1, 2, 3, 4, and 5. (2) Merck and Co. Hy-
drocortisone Free Alcohol No. 54R4095 was used
in Experiment 6. (3) Upjohn Solu-Cortef buffered
with sodium biphosphate and sodium phosphate
was used in Experiment 7 and 8. Hydrocortisone
(1) and hydrocortisone (2) were available in
powder form. Hydrocortisone (3) was dissolved in
the diluent provided with the ordinary commercial
container. Stock solutions of concentrated hydro-
cortisone were prepared with growth or mainte-
nance medium. These were later mixed with the
culture media to obtain concentrations of 1,5 or 10
micrograms of hydrocortisone per ml. This con-
centration of hydrocortisone was chosen because it
was thought it would correspond to expected
serum levels in patients treated with hydrocorti-
sone. In Experiment 5 hydrocortisone was added
to the growth medium of some of the cultures for
three days before inoculation of the virus and the
addition of maintenance medium. In all other ex-
periments hydrocortisone was present only in the
maintenance medium.
H. Procedure for Infection of Cultures—Cultures
were nourished with growth medium until solid
monolayer sheets of cells were seen on the glass
walls of the culture tubes. The growth medium
was then decanted and the cultures were washed
Plaque Counts and Virus Titers of HF
Cultures Nourished With Maintenance
Varying Amounts of Hydrocortisone
EXPERIMENT NO. 1 - Herpes-Infected HeLa
Medium Containing
Hydrocortisoneper ml. of
medium
Plaque counts 48 hours
after inoculation of virus Virus titers of pooled cellsand medium four days after
Inoculation of virusCounts Average
None 14,17,6,11,13,7 11 io3.48
1 microgram 7,5, 7, 16, 11, 18 11 10' "
5 micrograms 25, 25, 15, 10, 6 16 82
10 micrograms 4,6,6, 8, 19 9 1O 81
EXPERIMENT NO. 2 - Plaque Counts and Virus Titers of HF Herpes-Infected HeLa
Cultures Nourished With Maintenance Medium Containing
Varying Amounts of Hydrocortisone
Hydrocortisoneper ml. of
medium
Plaque counts 48 hours
after inoculation of virus
Virus titers of
Decanted medium at
2 days 4 days
Pooled cells and
medium at 6 daysCounts Average
None 32, 35, 19, 32, 16 27 100.0 10L 62 16
None 15, 29, 41, 44, 31 32 100.48 76 105.28
1 microgram 34, 36, 36, 33, 37 35 100.0 UI3 69 l0 87
5 micrograms 26, 35, 34, 12,46 31 100.48 10L 98
10 micrograms 28, 32, 43, 15, 33 30 io0. 48 l0 lO 02
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EXPERiMENT NO. 3 - Plaque Counts and Virus Titers of ST Herpes-Infected 1-leLa
Cultures Nourished With Maintenance Medium Containing
Varying Amounts of Hydrocortisone
Hydrocortisoneper ml. of
medium
Plaque counts 48 hours
after inoculation of virus
Virus titer of
Decanted medium at
2 days
Pooled cells
medium at 4
and
daysCounts Average
None 58, 70, 42, 73, 51 59 10L 10
None 66,54,41,47,52 52 l0'
1 microgram 62,67,68,50,40 57 103.51 10601
5
10
micrograms 67, 40, 55, 33,47 49
42
micrograms 52,56,52,52,46 52 l0' 42 5. 71
EXPERIMENT NO. 4 — Virus Titers of ST Herpes—Infected HeLa Cultures
Nourished With Maintenance Medium Containing
Varying Amounts of Hydrocortisone. Hydrocortisone
Added Two Days Before Inoculation of 15 pfu of
Virus Per Culture
Hydrocortisone Virus titer of pooled cells and medium 5 daysper ml. of after addition of steroid and 3 days after
medium inoculation of virus
None 3.89
None io3.87
1 microgram 4. 28
s micrograms io4.0
10 mIcrograms
25
EXPERIMENT NO. 5 — Plaque Counts and Virus Titers of ST Herpes-Infected HeLa
Cultures Nourished With Growth and Maintenance Medium
Containing Varying Amounts of Hydrocortisone
Ilydrocorti none
qrowth medium
to, 3 days prior
to virus inoculation
Hydrocortisone
mintenne
medium added
at virus inoculation
Plaque counts 48 hours
after inoculation of visas \,i tit" em o
C ntOU 5 ever Decanted mediumat 3 days Pooled cells andmedium at 5 days
None
None
1 microgram
It micrograms
59,65,54
57,65,64,66
69, 67. S2. 53
59
63
60
423
20 595
o6 25
1 microgram
None
1 mIcrogram
35, 41, 35,40
72,54.43,36
38
51
io "
4 0410 6 2010
10 micrograms
None
10 micrograms
36, 35, 35, 38
56,51.36.34
38
44
io 71
410 -
30
6 010
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EXPERIMENT NO. 6 - Virus Titers of ST Herpes-Infected HeLa Cultures
Nourished With Maintenance Medium Containing
Varying Amounts of Hydrocortisone
Hydrocortisoneper ml. of
medium
Virus titer of pooled cell and medium 2 days
after inoculation with 10'8 pfu of virus per
culture
None
None
1 microgram
5 micrograms
10 micrograms
io5.86
105.89
io6. 11
i0 90
105.91
EXPERIMENT NO. 7 - Plaque Counts and Virus Titers of ST Herpes-Infected HeLe
Cultures Nourished With Maintenance Medium Containing
Varying Amounts of Hydrocortisone
H d rtiy roco sone
P Ifl• 0
me urn
Plaque counts 48 hours
after Inoculation of virus Virus titers of cells and medium from pooled
paired cultures at 2 days
Counts Average
None
X. 141, 115, 120,
131, 94, 111,85, 103 l0 48 l0 a5. 72 69 69 40
93. 63. 83, 91
1 microgram
99, 94, 97, 96, 78,
87,88, 70, 91, 71, 85 l0 08 82 4. 45 4. 42 4. l0
79, 62
5 micrograms
103, 101, 79. 76.
60, 83, 103, 100, 89 l0 72 105.11 36 4. 73 4. 66 4. 67
75, 98, 95, 86
10 micrograms
100, 104, 97, 76,
109, 76, 58, 66, 76 10 64 l0 36 86 83 l0 68
58, 63, 46, 54
X unsatisfactory plaque count
EXPERIMENT NO. 8 - Pisqu. Corntis and Vima Titers ci ST Ratp,a-Int,ct,d HSL8 Culture,
Nourished With Maintenance Medium Containing Varying Amount,
of Hydrncnetl,nna
lfydr000rtin:ne
niam
Vito, titer, of
1me medium at CmU-cOot8inng medium 80
Count, AvetORe Iday 2 day, 3 day, 4dsy. S days iday 2dsya 3daya 4 days S dais
None 87, 88. S. Y 85, 88 S 30 62 S. 60 io6 21 63 ii627 io6
O microgram : : 69,96, 88 is0 69 10 08 4. 28 61 mc 2. 80 5. 16 ia5 ic7 14 RB
smicnuqtatr, : : 86. RI, i0°69 2. 69 4. ai io569 u5 88 ra2 36 4. 56 66 ic7 ii ia6 06
ii nicnngrama :; : 78, 90. RI 100.0 72 4. 16 io5 40 o2 40 ia6 03 89 ic6 IS
X on,ati,t,utcey plaque 000nt
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two times with 2 ml. of Hank's balanced salt solu-
tion. The virus suspension was then added to the
cultures in one-tenth ml. amounts. One to two
hours was allowed for attachment of the virus to
the cells. The maintenance medium (with or with-
out hydrocortisone) was then added to the cultures
and they were incubated in slant racks at 35°C for
varying periods of time (see Experiments 1—8).
EESULTS
A total of eight experiments was performed
and the results are presented in table form.
Hydrocortisone in the maintenance medium
did not consistently influence the amount of
herpes virus produced by HeLa cultures (Ex-
periments 1—8). In some instances it appeared
FIG. 1. Control HeLa cell culture (Experiment No. 2) after six days on maintenance medium without
hydrocortisone. Moderately severe degenerative changes. >< 100
FIG. 2. Control HeLa cell culture (Experiment No. 4) after five days on maintenance medium without
hydrocortisone. Severe degenerative changes present. X 50
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FIG. 3. HeLa cell cultures (Experiment No. 2) after six days on maintenance medium containing one
gamma hydrocortisone per ml. "Preservative" effect of steroid is evident. X 100
Fjo. 4. HeLa cell culture (Experiment No. 4) after five days on maintenance medium containing one
gamma of hydrocortisone per ml. ST herpes virus was ndded on the third day of maintenance. Arrows
point to herpes-infected cells. "Preservative" effect on culture is evident. x 50
that slightly more virus was produced and in
other instances slightly less than in the control
cultures. The differences, however, were not
consistent and they were so small that they
should be regarded as within the experimental
error of the methods involved. (A significant
difference would require consistent variations
of one log or more in the virus titers).
Plaque counts were not significantly different
whether hydrocortisone was present in the
maintenance medium or not. However, plaque
counts were often easier to make in the presence
of hydrocortisone since, as will be mentioned
below, the cell sheet was more solid and showed
less degenerative change.
Hydrocortisone in the maintenance medium
had a pronounced effect upon the microscopic
appearance of the HeLa cultures. This effect
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was primarily to delay and decrease "non-
specific" degenerative changes in the cultures
under maintenance conditions. Under "good"
conditions degenerative changes of mild degree
developed in the cultures in 3 to 7 days and
these became rather severe thereafter (Fig. 1).
Under "poor" conditions (which include "toxic"
glassware, "poor" lots of serum, etc.) cells
showed degenerative changes in a day or two
and these became severe in three or four days
(Fig. 2). The degeneration was manifested by
the cells becoming round, spindle-shaped or
granular and of their falling off the glass as
individual cells, small clumps or large patches
of cells. Hydrocortisone in the medium delayed
the appearance of the degenerative changes by
one to three days or more and when they de-
veloped they were much less pronounced (Fig. 3
and Fig. 4). At times cultures on maintenance
with hydrocortisone looked almost as good after
a week or two or even for as long as 25 days as
they did when they were placed on maintenance
medium. Control cultures at a week or two
usually showed severe degenerative changes. At
times 90—99% of the cells would have fallen off
the glass wall of the culture tube in the control
whereas the hydrocortisone treated tube still
had 90% or more cells still on the glass (Fig. 2
and Fig. 4). The hydrocortisone-treated cultures
at most times were more acid than the controls
judging from the color of the phenol red indicator.
Part of the increased acidity may have been due
to a greater number of cells in the hydrocortisone
cultures (cells had dropped off the controls and
had been discarded with changes of media) but
at least some of the acidity appeared to be a
hydroeortisone effect on the cells. Cultures kept
in hydroeortisone-eontaining maintenance me-
dium for as long as 25 days could still develop
herpetie eytopathogenesis when infected with
herpes virus.
DISCUSSION
Although hydroeortisone in small amounts in
the maintenance medium did not influence the
amount of herpes virus produced, it did exert a
preservative effect upon the HeLa cell cultures.
Since the preservative effect did not interfere
with multiplication of the virus or with plaque
formation, the possibility arises that some tissue
culture procedures involving virus studies may
be benefited by the addition of hydroeortisone
to the culture medium
The mechanism whereby cortisone or hydro-
cortisone enhances herpes simplex infections of
the eye (or for that matter any other viral
infection) is incompletely understood. The
question arises whether there is more herpes
virus produced under the influence of these
steroids. Jawetz et at (10) found no evidence
that treatment with hydrocortisone increased
virus production in rabbits infected with herpes
virus by the eorneal route. There was no evidence
that hydroeortisone caused increased virus
production in the herpes virus-HeLa cell model
described herein. This suggests that some mech-
anism or mechanisms other than increased pro-
duction of virus may be operating in steroid
aggravation of the herpetie infection.
Theoretically cortisone or hydroeortisone
might enhance viral infection in a number of
ways (16) including: (1) Direct effect on the
virus. (2) Increased virus production. (3) Inhi-
bition of antibody formation. (4) Inhibition of
inflammatory and reparative reactions and (5)
others. In regard to these points the following
comments can be made: Mixing extracellular
virus and hydrocortisone has had no effect on
the virus (20). Cortisone or hydrocortisone
aggravation of some viral infections is associated
with increased production of virus but in others
it is not (10, 11, 12, 14, 16, 17). It would be
possible for these steroids to enhance viral
infection by interfering with antibody production
but often the adverse effect of the steroid is
found before antibody production would be
expected to play a significant role or in systems
such as embryonated eggs where antibody pro-
duction would not be expected to occur at all
(11, 17, 18, 20). Cortisone or hydroeortisone may
enhance viral infections by inhibiting inflamma-
tion and repair. Under various conditions
cortisone or hydroeortisone has been shown to
have the following effects on cells, tissues or
organisms: (1) The growth of chick embryos is
decreased (11, 24). (2) Granulation tissue in
wounds is inhibited (25, 26). (3) The outgrowth
of fibroblasts from tissue explants is decreased
(27—29). (4) Growth and division of cells in
tissue culture is decreased (30). (5) The inhibiting
effect on growth and migration is less for epi-
thelial cells than for connective tissue cells
(26, 29). (6) Respiration and glycolysis of cells
in tissue cultures is changed (30, 31). (7) Morpho-
logic changes of cells in tissue culture occur (32).
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SUMMARY
1. The amount of herpes simplex virus pro-
duced in HeLa cultures under maintenance
conditions was not influenced by the presence of
hydrocortisone in the medium in amounts of 1,
5 and 10 micrograms per ml.
2. Hydrocortisone in the maintenance medium
had a pronounced effect in delaying and de-
creasing "non-specific" degenerative changes of
HeLa cell cultures under the conditions of this
study.
REFERENCES
1. SliER, J. C. AND FEHR5EN, P.: Reactivation of
varicella virus by cortisone therapy. Brit.
M. J., 2:82, 1953.
2. HAGGERTY, R. J. AND ELEY, R. C.: Varicella
and cortisone. Pediatrics, 18, 160—162, 1956.
3. Nicnos, W. W.: Experience with chickenpox
in patients with hematologic disease receiv-
ing cortisone. A.M.A.J. Dis. Child., 94: 219—
223, 1957.
4. TIIYGEsON, P., HOGAN, M. J. AND KIMURA,
S. J.: Cortisone and hydrocortisone in ocular
infections. Tr. Am. Acad. Ophth., 57: 64—85,
1953.
5. Omusny, H. L.: Superficial forms of herpetic
keratitis. Am. J. Ophth., 43: 105—109, 1957.
6. TIIYGE50N, P. AND KIMURA, S. J.: Deep forms
of herpetic keratitis. Am. J. Ophth., 43:
109—113, 1957.
7. HALLETT, J. W., LEOPOLn, I. H., VOGEL, A.
W., CANNON, E. J. AND STEINMETz, C. C.:
Treatment of experimental herpes simplex
keratitis in the rabbit. A.M.A. Arch. Ophth.,
46: 33—38, 1951.
8. ORM5BY, H. L., DEMPSEY, E. AND VAN
ROOYAN, C. E.: Effect of cortisone on ex-
perimentally induced herpetic keratitis of
the rabbit. Am. J. Ophth., 34: 1687—1692,
1951.
9. KIMURA, S. J. AND OKUMOTO, M.: The effect
of corticosteroids on experimental herpes
simplex keratoconjunctivitis in the rabbit.
Am. J. Ophth., 43: 131—134, 1957.
10. JAWRTZ, E., OKUMOTO, M. AND SONNE, M.:
Studies on herpes simplex. X. The effect of
corticosteroids on herpetic keratitis in the
rabbit. J. Immunol., 83: 486—490, 1959.
11. KILBOURNE, E. D. AND HOE5FALL, F. L., JR.:
Increased virus in eggs injected with corti-
sone. Proc. Soc. Exper. Biol. & Med., 76:
116—118, 1951.
12. KILBOUENE, E. D. AND HOE5FALL, F. L., JR.:
Lethal infection with Coxsackie virns of
adult mice given cortisone. Proc. Soc. Exper.
Biol. & Mcd., 77: 135—138, 1951.
13. SOUTHAM, C. M. AND BAncocK, V. I.: Effect of
cortisone, related hormones and adrenalec-
tomy on susceptibility of mice to virus infec-
tions. Proc. Soc. Exper. Biol. & Med., 78:
105—109, 1951.
14. SMITH, J. MAcL., MURPHY, J. S., Mimcic, G. S.
AND HUcK, M. E.: Effect of adrenal hor-
mones on infection of mice with pneumonia
virus of mice (PVM). Proc. Soc. Exper. Biol.
& Med., 78: 505—510, 1951.
15. SIIWARTZMAN, G.: Poliomyelitis infection in
cortisone-treated hamsters induced by the
intraperitoneal route. Proc. Soc. Exper.
Biol. & Med., 79: 573—576, 1952.
16. K&ss, E. H. AND FINLAND, M.: Adrenocortical
hormones in infection and immunity. Ann.
Rev. Microbiol., 7: 361—388, 1953.
17. KAss, E. H., LUNDGREN, M. M. AND FINLAND,
M.: The Effect of adrenal steroids, cortico-
tropin and growth hormone in resistance to
experimental infections. J. Exper. Med., 99:
89—104, 1954.
18. KILB0URNE, E. D.: The influence of cortisone
on experimental viral infection I. Prolonga-
tion of survival time and suppression of in-
flammation in chick embryos infected with
influenza B. Virus. J. Immunol., 74: 57—62,
1955.
19. SYvERTON, J. T., GARABEDIAN, G. A. AND
FRIEDMAN, J.: Studies on herpes simplex
virus III. The effect of Roentgen radiation,
cortisone and gastric mucin upon the infec-
tivity of herpes simplex virus for laboratory
mice. J. Infect. Dis., 96: 9—13, 1955.
20. KILBOURNE, E. D.: Reactivation of non-in-
fective virus in a cortisone-injected host. J.
Exper. Med., 101: 437—450, 1955.
21. STARR, T. J. AND POLLARD, M.: Susceptibility
of cortisone-treated mice to infection with
mouse hepatitis virus. Proc. Soc. Exper.
Biol. & Med., 99: 108—110, 1958.
22. WHEELER, C. E.: The effect of temperature
upon the production of herpes simplex virus
in tissue culture. J. Immunol., 81: 98—106,
1958.
23. ROBERTSON, H. E., BRUNNER, K. T. AND Sv-
YERTON, J. T.: The propagation in vitro of
poliomyelitis viruses: VII. pH change of
HeLa cell cultures for assay. Proc. Soc.
Exper. Biol. & Mcd., 88: 119—122, 1955.
24. DR FRANcI5cI5, P. AND LANDAUER, W.: Effect
of amniotic fluid on inhibition of growth by
cortisone in chicken embryos. Nature, 183:
617—618, 1959.
25. CREDITOR, M. C., BEYAN5, M., MUNDY, W. L.
AND RAGAN, C.: Effect of ACTH on wound
healing in humans. Proc. Soc. Exper. Biol. &
Med., 74: 245—247, 1950.
26. BOULA5, S. H.: Dissociation of granulation and
epithelialization in wounds of rabbits by
means of topically applied hydrocortisone.
J. Invest. Dermat., 32: 75—85, 1959.
27. KAUFMAN, N., MASON, E. J. AND KINNEY,
T. D.: The effect of steroids on fibroblast
migration in vitro. I. Cortisone, its inhibi-
tory effect. II. 17-hydroxycorticosterone, its
inhibitory effect. Am. J. Path., 29: 761—766,
1953.
28. GRossFELn, H. AND RAGAN, C.: Action of hy-
drocortisone on cells in tissue culture. Proc.
Soc. Exper. Biol. & Med., 86: 63—68, 1954.
29. GEIGER, R. S., DINGWELL, J. A. AND ANDRU5,
HYDROCORTISONE ON HERPES SIMPLEX INFECTION 97
W. DEW.: The effect of cortisone on the
growth of adult and embryonic tissues in
vitro. Am. J. M. Sc., 231: 427—436, 1956.
30. GE055FELD, H.: Action of hydrocortisone on
respiration and aerobic glycolysis of cul-
tured cells. Science, 127: 148—150, 1958.
31. FI5HEE, T. N. AND FIsHER, E., Ja.: Effects of
cortisone and herpes simplex virus on
metabolic processes. I. Alterations in HeLa
cell metabolism. Proc. Soc. Exper. Biol. &
Med., 100: 780—786, 1959,
32. KLINE, I., LEIGHTON, J., BELKIN, M. AND ORE,
H. C.: Some observations on the response
of four established human cell strains to
hydrocortisone in tissue culture. Cancer Re-
search, 17: 780—784, 1957.
